Abstract. In Taiwan we are currently facing serious air pollution problems, PM2.5 airborne particles not only endanger the human body, leading to coughing, asthma, chronic bronchial and other respiratory diseases, but it is also carcinogenic, our basic rights for survival has been seriously threatened. According to the latest study by the Environmental Protection Agency, the industrial sector accounts for about 25% of the sources of air pollution in Taiwan. The winemaking industry, with raw materials has several stages of production; it must use electricity, water, oil, diesel, gasoline, and steam as energy. The final product is not only wine, but also the discharge wastewater, lees, CO2, waste gas, etc. Different process methods will produce different energy consumption results, thus providing the possibility of CO2 reduction. This study takes the winemaking industry as a case study, trying to find out how to achieve a concept of "win-win situation "for both sides of carbon reduction and economy development. First, aiming at the policy of energy saving and carbon-reduction inventory of winery, trying to find out the source of pollution and the change of pollution source during 2008-2016, and then according to the data, the empirical results are analysed. Finally, a linear programming model proposed for the production planning of winemaking processes to achieve maximum operational profit while reducing CO2 emissions. The options considered in this research are levy the carbon tax in different prices to decrease CO2 emissions; installation of new equipment to enhance capacity; switching production schedule that emits less CO2. The objective of the linear programming model is to determine suitable CO2 mitigation options for a given reduction target while meeting the demand of each final product, quality specifications, and simultaneously maximizing profit. In this research, How to achieve the optimal production goals: minimizing the cost & energy consumption, and the maximum production value become the optimal production objection.
Introduction
In Taiwan, trading market of CO 2 emission is small, the effect of carbon tax maybe better than emissions trading. Therefore, we use linear programming, carbon tax, and inventory of energy saving to explore optimal production in the winemaking industry. This paper presents linear programming for the optimal production, it based on the input-output activity to assess the potential impacts of energy consumption, CO 2 emission and seek a production schedule that will increase the profit of winemaking industry [1] . There are seven kinds of product for research object; red label rice cooking wine (code a1); red label pure rice cooking wine (code a2) ; super red label rice wine (code a3); super red label pure rice wine (code a4); super red label pure rice wine (code a5) ; red label rice wine water (code a6); wine gift box (code a7). Data are analysed by MATLAB simulation software, and use CVX module to solve problems. This optimization model used to estimate the potential CO 2 emissions mitigation strategies by minimizing the CO 2 emissions under the different prices of carbon tax. Several mitigation strategies have applied to analyse the effect of CO 2 emissions reduction. In this paper, first, we describe the data source and methodology, then the linear programming model of the winemaking industry established, aiming at the goal of minimizing costs and maximizing profits, we discuss the influence of changes to energy consumption and the decrease of CO 2 due to the levy of carbon tax [2] . Finally, a case study of greenhouse gas inventory for energy saving and carbon reduction in winery are analysed. We analyse and compare the sources of greenhouse gas emissions in the winery during 2008-2016.
Data source and methodology
Carbon reduction projects in Taiwan has been in operation for many years, according to the figure 1, the latest carbon emissions results released in 2017, the overall carbon emission is the highest in nearly a decade. Our greenhouse gas reduction targets are to achieve greenhouse gas emissions reductions from 2.93million /ton reduce to 2.82 million/ton in 2020. This paper attempts to option the effective policy that can assist Taiwan to reduce the CO 2 emissions. All the data are provided by winery, it's an actual operating condition in 2017, and an optimization model" linear programming model" is to estimate the potential CO 2 emissions mitigation strategies for winemaking industry by minimizing the CO 2 emissions under the constraint of different prices of carbon tax [3] . : The j production process, the need for q-type energy unit input Pc: It indicates the CO 2 tax rate : CO 2 emissions caused by the use of the q energy
Where M is 7, i.e, 7 products Means the quantity of product produced in one month. Means the price of product Means the cost of product Means the energy consumption (water, fuel, and electricity) of product Means the carbon tax Means the CO 2 emission of product Means total quantity limitation Means the limitation quantity of product 2 Means limitation of CO 2 emission eq(1) means each quantity of product should be positive. eq(2) means total quantity should less than total quantity limitation. eq(3) means the quantity of product should not larger than the limitation of it. eq(4) means the emission should not larger than limitation of CO 2 emission.
Case study of winery
In Taiwan, our greenhouse gas reduction targets are to achieve greenhouse gas emissions reductions for 2025, and to encourage energy-intensive industries to use the best energy efficient technology to effectively manage energy and improve efficiency, especially in industries that must seek the most efficient usage of energy, that is, the minimum CO 2 emissions operation, to pursuit profit maximization. According to Figure 2 , the energy consumption in the industrial sector is the largest, in 2016, for example, the energy consumption of the industrial sector accounts for about one-third (37.2%) of the total consumption of energy. Overall, the industrial sector is the most important energy consumer, and the main source of CO 2 emission [4] . 
Bureau of Energy (2016)
Refer to the Figure 3 , the winemaking industry, with rice, millet, barley, or sorghum as raw materials, has several stages of production process, such as soaking, cooking, cooling, fermentation, distillation, storage, blending, filtration, bottling, packaging, and transportation. During the process distilleries must use electricity, water, oil, diesel, gasoline, and steam as energy. The final product is not only wine, but also the discharge wastewater, lees, CO 2 , waste gas, etc. Different process methods will produce different energy consumption results, thus providing the possibility of CO 2 reduction. As the winemaking industry maximizes the pursuit of profits, so in this study, first we must establish the linear programming model of the winemaking industry, then under the goal of profit maximization, we explore the carbon tax and the interrelationship caused by changes in energy consumption and the impact of CO 2 Category2: Indirect greenhouse gas emissions (electricity). Category 3: The other indirect greenhouse gas emissions.
Greenhouse gas emission sources in winery 2008-2016
With the policy of energy saving and carbon reduction measures, winery actively committed to the greenhouse gas inventory from 2010, they held regular meetings, scheduled time and audit date since 2012. Analysis of the types of greenhouse gas emissions from 2008 to 2016, as shown in Figure 4 , the source of fixed fuel oil as the main source, followed by wastewater, process emissions, electricity and outsourcing. Figure 4 shows that fuel oil, electricity, outsourcing and fixed diesel CO 2 Fuel oil decrease from 49% to 45%, the process emissions decrease from 20% to 19%, electricity maintains 14%, wastewater increase from 14% to 20%. Wastewater discharge is still a problem, due to mainly increase in production; winery must to help the distiller's grains sales and removal to solve the problem. A n n u a l o u t s o u r c i n g t r a n s p o r t v e h i c l e s p e t r o l ( m o b i l e ) r e f r i g e r a n t e s c a p i n g s e p t i c t a n k s 
t r i c i t y ( o u t s o u r c i n g )
A n n u a l o u t s o u r c i n g t r a n s p o r t v e h i c l e s p e t r o l ( m o b i l e ) r e f r i g e r a n t e s c a p i n g s e p t i c t a n k s 
Comparison of energy intensity.2005-2016
Energy intensity is an international indicator of the overall energy efficiency of a country. It represents the production process, the output of each unit of domestic gross domestic product (GDP) need to consume energy, calculated by the total energy consumption, it divided by gross domestic product. Energy Intensity = Energy Consumption / GDP If a country has a high energy intensity, it means that the cost of energy conversion to GDP is high; if the energy intensity decline will show that the creation of a unit of gross domestic production, the amount of resources usage is declining, the efficiency energy usage has improved , the situations of environment damage is also reduced. From Figure 6 Intensity Ratio, It shows that product intensity, service intensity and turnover intensity in the period 2005-2016 are trend of decreasing and flat for a long-term. In this research, first we establish linear programming model then set carbon tax prices, by CO 2 tax mechanism to analyse changes in the production scheduling process and energy usage, finally under the goal of maximizing profit, to explore the interaction between changes in production scheduling and CO 2 emissions reductions.
The goal of the linear programming model
The goal of the linear planning model of wine industry is the combination of output interest, input cost and carbon cost, expression in monetary terms; the energy goal is to minimize energy input, in terms of quantity or currency; the environmental goal is to minimize CO 2 emissions by quantity. According to the Figure 7 , there are three targets of the linear planning model. They are economy, energy and environmental protection [5] . Since the purpose is to produce in the production process of obtaining the maximum profit, however, profit is the value of the product portfolio produced in the production process and the cost invested in the manufacturing process, therefore in this study; we must consider minimizing CO 2 emissions the amount of environmental objectives. The following chart shows the concept of wine industry; its targets are as follows [6] :
Economic target:
Optimize the allocation of resources, the pursuit of the maximization of production value. The mathematical formula be measured in monetary units
Energy Target:
Fixed capital investment, the pursuit of the minimum energy supply Energy goal: ∑ ∑ =1 =1 (3)
Environmental target:
The pursuit of optimal profit conditions, CO 2 emissions are minimized Environmental goal: Source: Author draws based on data
Application of linear programming model
The purpose of this study is to explore the impact of the levy of carbon taxes on CO 2 , emissions and to pursue environmental goals with minimal CO 2 , emissions. First, we give a tax level to explore the impact of the levy of carbon tax, then multiply the emissions by the tax rate and convert it into currency units. The environmental goal is mainly that when the carbon tax occurs CO 2 emissions can achieve a minimum goal [7] so this study sets the minimum environmental cost in the target equation. It is as follows:
At different levels of carbon tax, the changes in production schedules within each process of the winemaking framework, the changes in energy consumption and the impact on CO 2 reductions both discussed. To maximize the value of production under the goal of minimizing the use of energy demand and minimizing CO 2 emissions.
Empirical simulation results
The application of linear programming model, first we embody the model, and then use Mat lab software to simulate the changes in the production schedule, which based on the level of carbon tax and under the basic situation of minimizing energy usage. Refer to the Table 1 , the results show that the production benefit is (6731809) U.S. dollars per month, the total energy consumption is (12342.45) Kcal/month, and the total CO 2 emission is (1743.714) metric ton/month. At this time, CO 2 has not set price, it regard as the total emission limitation, so in this study we use this total CO 2 emission as the CO 2 emission constrain. According to the Figure 8 , different carbon tax prices have different ways of distributing production capacity: When carbon taxes levels are low, wine producers will continue to produce high-energy but with a high profits product.
According to figure 9 while the carbon tax is higher, the industry will not produce products with high carbon emissions; instead, they will choose products with lower net profit, but lower energy consumption.
Unit: us$/Mt 
Cost changes at different carbon tax levels
After the levy of the carbon tax, the winemaking producer will reduce the fixed cost and operating cost through reducing the use of fuel and adjusting the operating cost to reduce the cost of CO 2 emissions. Refer to the Table 2 owing to the tax costs of CO 2 emissions, the total cost will increase. However, as the carbon tax level increases, the ratio of fixed costs and operating costs to total costs will decrease slightly. 
Tax effect analysis
In terms of the concept of cost-effectiveness, the best carbon tax effect can obtain when the cost of CO 2 emission reduction is equal to the cost of carbon tax. At this point, the cost of investing in CO 2 to reduce emissions will be equal to the taxable cost of the CO 2 being collected [8] . In other word, the relative CO 2 emission at this time is the optimal production level. According to Table 3 when the cost of reducing CO 2 emissions is lower than the cost of tax, the winemaking producer will try its best to reduce CO 2 emissions. However, when the cost of reducing CO 2 emissions is higher than the cost of tax, winemaking producer will adopt a strategy of preferring to pay carbon tax to save costs. That is to say, after the CO 2 tax, whether the producer will substantially reduce its carbon emissions will determine whether the taxable cost of CO 2 has already exceeded the CO 2 emission reduction costs. When CO 2 's taxable costs are lower, it is less likely to commit to carbon reduction because carbon tax is beneficial to the industry. In other words, after the CO 2 tax, whether the wine industry will actually reduce CO 2 emissions decide whether the tax cost of CO 2 has already exceeded the CO 2 emission reduction cost. When the CO 2 tax cost is low, because the payment of carbon tax is beneficial to the industry, it is less likely to commit itself to commit carbon reduction [9] . 
Conclusion
In this research, we make use of linear programing model to explore complicated winemaking process architecture and compare changes in CO 2 emissions before and after the carbon tax levied. The process of simulation is first to simulate the situation of carbon tax which has not been levied as a basic situation, and to calculate the total emission of CO 2 under the basic situation simulation as the discharge constrain, then to observe the interaction between the carbon tax level and production capacity. Due to our goals are to minimize the demand for energy usage; to minimize CO 2 emission, and pursuit the maximizing production value.
According to the tax effect analysis, the result shows that: 1. Different carbon tax level has different ways of distributing production capacity. 2. When carbon tax levels are lower, wine producers will continue to produce high energy but with a high profits product. 3. While the carbon tax is higher, the industry will not produce products with high carbon emissions. Instead, they will choose products with lower net profit, but lower energy consumption, in other words the wine industry will undergo to change production schedules that will change the usage of energy and thus reduce the total CO 2 emissions. Especially the huge enterprises only high level of carbon tax can force them to reduce the CO 2 emission. 4. After carbon tax levy, wine industry is under pressure to reduce their tax costs and thus change their production schedules, and by changing production schedules, they have changed the structure of their energy usage towards lowercarbon production, and the higher the levy of carbon tax, the greater the effect of carbon reduction. 5. However, when the carbon tax is too high, the high cost of tax barriers will occur and the output need to meet with the final demand of each product, the carbon reduction effect is limited. In terms of cost, the levy of carbon tax can trigger the effect of CO 2 reduction. 6. When the carbon reduction cost is equal to the taxable cost, the carbon tax effect of CO 2 reduction will result. The profit and loss balance point is the best carbon tax level. If the carbon tax level is greater than the best tax rate at the Profit & Loss balance, there is an incentive force the industry to make a mandatory reduction. After levying carbon tax, the results show that when the cost of tax is more than the cost of reducing CO 2 emissions, wine industry will change the strategy to achieve CO 2 emission reduction, and get the tax effect. This result also shows that the main source of the CO 2 emissions is fuel oil, followed by wastewater, process emissions and electricity. The CO 2 emissions improved significantly during the period of 2008 -2016, the fuel oil, electricity, diesel, outsourcing and other emission had total decreased by 1.78%.The methods of the CO 2 reduction are: 1. Technical adjustments, such as packaging time in the off-season which is set from June to September, Centralizing manufacturing, reducing the times of boiler boot, blocking unnecessary pipelines, maintaining the steam pipe insulation facilities and strengthening the energy conservation advocacy. The most important thing is renewing the equipment.
2. This research also shows the intensity ratio indicator, in product density, service intensity and turnover intensity during the 2008-2016, there were a lower and flatter trend.
